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Abstract
The purpose of the study was to determine normal
baseline levels of vitamin A and vitamin E in clinically
normal horses under typical field conditions in
Saskatchewan and Alberta. Heparinized blood sam-
ples were collected from approximately 400 clini-
cally healthy horses selected from 24 locations in
Alberta and Saskatchewan during a two-year period.
For each horse, historical information including
feed type, vitamin supplementation, time of year,
sex, and age were recorded. From each blood sample,
the plasma vitamin A (all-transretinol) and vitamin
E (a-tocopherol) levels were measured using high
pressure liquid chromatography. Normal baseline
plasma vitamin A and vitamin E concentrations
recorded during the study were 0.70 pmol/L and
7.65 pmol/L, respectively. The plasma vitamin con-
centrations were lower in the younger horses. The
plasma vitamin levels were higher from May to
August, as compared to other times of the year.
Horses grazing fresh pasture exclusively during the
summer months had plasma vitamin A and vitamin E
concentrations that were 27% and 63% greater than
horses fed harvested or stored feeds during the same
time period. Sex-related differences were not evi-
dent in the study. A number of factors may influence
the baseline plasma vitamin A and vitamin E levels in
horses. Consequently, it is unadvisable to use a sin-
gle evaluation to assess vitamin status. Multiple sam-
pling from individual horses or sampling from many
horses within a herd may reduce the variability and
improve the ability to monitor vitamin status from
plasma submissions.

Resume
Le taux de vitamines A et E chez les equins de
l'Alborta et de la Saskatchewan
Cette etude avait pour but de determiner les valeurs
de base normales pour les vitamines A et E chez les
chevaux gardes au paturage. Des echantillons san-
guins heparinises ont ete preleves chez 400 chevaux
en sante repartis dans 24 endroits en Alberta et en
Saskatchewan sur une periode de deux ans. Le taux
plasmatique des vitamines A (all trans-retinol) et E
(a-tocopherol) a ete mesure par epreuve chro-
matographique. De plus, les donnees suivantes ont ete
notees pour chaque animal: la sorte de nourriture, les
supplements de vitamines, la periode de l'annee, le
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sexe et l'age. Les valeurs plasmatiques normales
pour les vitamines A et E ont ete respectivement
0.70 umol/L et 7.65 umol/L.
Les resultats montrent un taux plasmatique en vita-
mines plus faible chez les jeunes chevaux et des
valeurs plus eleve'es pour la periode de mai a aouft. Les
chevaux nourris exclusivement a l'herbe fraiche du
paturage lors des mois d'ete avaient une concentra-
tion plasmatique plus elevee en vitamines A et E,
soit de 27 % et 63 % comparativement aux chevaux
nourris avec du foin coupe' ou entrepose. Il n'y avait
pas de differences significatives relie'es au sexe.
L'etude demontre que plusieurs facteurs peuvent
influencer les valeurs plasmatiques de base des vita-
mines A et E chez les equins. Alors, il est recom-
mande de prelever plusieurs echantillons d'un meme
individu ou d'effectuer un echantillonnage sur
plusieurs chevaux d'un troupeau afin de diminuer la
variabilite et d'ameliorer le suivi du statut vita-
minique plasmatique. (Traduit par Dr Therese Lanithier)
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Introduction
\/itamin nutritional requirements have been poorly
V defined for horses compared to other livestock
species. Vitamin supplementation of rations is com-
monplace in western Canada, since the vitamin content
of many stored feeds or pelleted rations is marginal or
inadequate for proper growth and development in horses.
In many instances, veterinarians and nutritionists may not
have sufficient information to evaluate or develop opti-
mal rations. Optimal amounts of vitamins in rations
may be influenced by many factors. Rations formu-
lated for pleasure horses or performance horses may be
substantially different with respect to vitamins. Other fac-
tors including breed, sex, season, age, pregnancy, and dis-
ease may alter vitamin requirements (1-5). The long win-
ters in western Canada that dictate the consumption of
stored feeds for extended periods of time may further
complicate vitamin A and E nutrition, because the sta-
bility and retention of adequate levels of these vita-
mins in stored feed is extremely poor (6).
Two liposoluble vitamins of particular importance in

the horse are vitamin A and vitamin E. Vitamin A
(retinol) has been associated with a variety of disease
conditions (2). Vitamin A is required for vision, devel-
opment of epithelial cells and bone, and for reproduction
(6,7). Reduced resistance to disease, congenital defects,
nerve degeneration, infertility, weight loss, night
blindness and hoof defects may also be observed with
vitamin A deficiency (2). Vitamin E (o-tocopherol) is an
antioxidant, which is required to prevent lipid peroxi-
dation and membrane damage. In horses, nutritional
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muscular dystrophy is a vitamin E/selenium respon-
sive condition, manifested by weakness, trembling, a stiff
gait, and recumbency (2). Vitamin E deficiency will also
impair immune function in horses (8).
The purpose of the present study was to determine the

normal baseline levels of vitamin A and vitamin E in
clinically normal horses under typical field conditions
in Saskatchewan and Alberta, and to identify environ-
mental and biological factors that may influence plasma
vitamin concentrations.

Materials and methods
Animal population and sample collection
Clinically healthy horses, based upon visual inspec-
tion, were selected for the study from 24 locations in
Alberta and Saskatchewan over a two-year period.
Heparinized blood samples were collected from 10 to 20
horses at each location. The plasma was removed and
frozen at -70°C until vitamin analysis could be com-

pleted. For each horse, information including pasture or

stored feed, vitamin supplementation, time of year,
sex, and age was recorded.

Vitamin analysis
Plasma vitamin A (all-trans retinol) and vitamin E
(a-tocopherol) levels were measured using high pressure
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liquid chromatography (HPLC) with ultraviolet detec-
tion at 325 nm and 285 nm, respectively (9,10). Working
standards of a-tocopherol, a-tocopheryl acetate, all-
trans retinol (retinol), and all-trans retinol acetate
(retinol acetate) were prepared in glass distilled absolute
ethanol (All standards: Eastman Kodak, Rochester,
New York, USA). All working standards were pro-

tected from the light and stored at -20°C prior to use.

Two milliliter plasma samples were mixed with 0.4 mL
of the internal standard (retinol acetate or a-tocopheryl
acetate) and 1.6 mL of absolute ethanol. The standard
curve was prepared using 2.0 mL of a 3% bovine serum

albumin solution (Sigma Chemical Co., St. Louis,
Missouri, USA) to approximate 2.0 mL of plasma. A
retinol or a-tocopherol working standard was added
to each albumin solution to prepare the standard curve.

The 4.0 mL sample preparations were vortically
mixed with 4.0 mL of petroleum ether (Petroleum Spirit
Omni Solv; b.p. 30-60°C; BDH, Edmonton, Alberta).
Three-fourths of the petroleum ether phase were removed
and evaporated under nitrogen and darkness. The vita-
min residue was dissolved in filtered HPLC grade
methanol (BDH) and injected onto an HPLC
column (Beckman ODS-ultrasphere 5 pm column,
4.6 x 15.0 cm, Beckman Instruments, Inc., Fullerton,
California, USA). A degassed, filtered, methanol:water
mobile phase at a v/v ratio of 90:10 for vitamin A and

Can Vet J Volume 35, May 1994

Table 1. The effect of agea on the plasma vitamin A
and vitamin E concentrationsb of horses raised in
Saskatchewan and Alberta
Age Vitamin A concentration Vitamin E concentration
(months) (pmol/L) (pmol/L)
<6 0.570.04(18)c 8.60+ 1.19(19)
6-12 0.55 t 0.01 (57) 5.62 t 0.52 (61)
> 12-24 0.63 t 0.02 (35) 6.24 t 0.30 (33)
> 24-72 0.68 t 0.02 (9 1) 7.58 t 0.30 (96)
> 72 0.70 t 0.02 (140) 8.79 t 0.28 (138)
Probabilityd < 0.0001 < 0.0001

a Across all categories pertaining to sex, feed type, and season
h Vitamin A - all-trans retinol; vitamin E- a-tocopherol
c Mean ± SE (number of horses)
d Probability of no age-related effect

Table 2. The effect of sex differencesa on the
plasma vitamin A and vitamin E concentrationb of
horses raised in Saskatchewan and Alberta
Sex Vitamin A concentration Vitamin E concentration

(pmolVL) (pmol/L)

Female 0.68 ± 0.02 (196)' 8.20 ± 0.25 (200)
Female (neutered) 0.60 (1) 6.15 (1)
Male 0.59 ± 0.02 (46) 6.62 ± 0.57 (45)
Male (neutered) 0.66 ± 0.01 (123) 7.47 ± 0.27 (125)
Probabilityd 0.0861 0.0564

a Across all categories pertaining to age, feed type, and season
h Vitamin A - all-trans retinol; vitamin E- a-tocopherol
c Mean ± SE (number of horses)
d Probability of no sex-related effect



97:3 for vitamin E was used to elute the respective
vitamins.
Each sample was injected onto the column with an

injector system (Rheodyne #7161, Rheodyne, Cotati,
California, USA) equipped with a 50 pL loop. The flow
rate (2.5 mL/min) and the pressure of the isocratic sol-
vent system were regulated using an automated
gradient controller (Water 680, Millipore Waters,
Chromatography Division, Milford, Massachusetts,
USA) and an HPLC pump (Water 501, Millipore
Waters). The absorbances of vitamin A, monitored at
325 nm, and vitamin E, monitored at 285 nm, were
measured using a tunable absorbance detector (Waters
484, Millipore Waters) and recorded using a data mod-
ule (Water 745, Millipore Waters).
Under the previously stated analytical conditions,

the retention times of retinol and retinol acetate were

approximately 3.4 and 6.6 min, respectively. The detec-
tion limit for all-trans retinol was 0.04 pmol/L in plasma.
The corresponding retention times for ox-tocopherol
and ct-tocopheryl acetate were 5.5 and 8.5 min respec-
tively. The detection limit for a-tocopherol was
0.5 pmol/L.

Data and analysis
The effects of age, sex, feed type, and season on the nor-
mal baseline values of vitamin A and vitamin E were

determined using a one-way analysis of variance.
Separate analyses were conducted for each factor using
the total information that was collected. In each instance,
the information was categorized into groups for analy-
sis according to the number of possible group
classifications.

Results
Based upon information collected from almost 400
horses over a two-year period, the normal plasma vita-
min A concentration was 0.70 pmol/L. The corre-
sponding value for the vitamin E concentration was

7.65 pmol/L. Table 1 indicates that age influenced the
plasma vitamin A and vitamin E concentrations. Younger
horses have a lower vitamin A and vitamin E status.
Table 2 indicates that sex of the horse did not influence
the vitamin status.
The highest plasma vitamin E and vitamin A con-

centrations were recorded from May to August (Table 3).
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This seasonal effect was consistent with the type of
feed that is consumed at different times of the year.
Horses raised exclusively on fresh pasture feeds had
higher plasma vitamin concentrations. The plasma vit-
amin A levels were 27% higher in horses consuming only
pasture feeds. In 64 horses raised on pasture, the aver-
age plasma vitamin A concentration was 0.85 ± 0.05
pmol/L as compared to 0.67 ± 0.01 pmol/L in 315
horses consuming harvested feeds (p = 0.0001). The
plasma vitamin E levels were 63% higher in horses
raised on pasture than horses fed harvested, dried, or pel-
leted rations. The respective concentrations for 60
horses raised on pasture were 11.35 ± 0.49 pmol/L as
compared to 6.96 ± 0.16 pmol/L in 323 horses fed har-
vested feeds (p = 0.0001).

Discussion
The normal plasma vitamin A and vitamin E concen-
trations observed in this study compare favourably with
other reports (1,3-5,11-15), although specific geo-
graphical, environmental, or physiological differences
are apparent.
The present study indicated that older horses had a

higher plasma concentrations of vitamins A and E.
During periods of rapid growth, the nutritional demand
for vitamins is high, so it is not surprising that young,
rapidly-growing horses have a lower vitamin status
than older horses. The vitamin E status of horses less than
six months of age appears to be an exception. It has been
suggested that young horses aged four to six months have
a higher vitamin E status because of the ingestion of pas-

ture feeds high in vitamin E (4). It may also be possible
that fat soluble vitamins, such as vitamin E, may be
passed in the milk or colostrum of the mare to the off-
spring, which could elevate the vitamin E concentrations
in the plasma for several months. This latter effect has
been reported for vitamin A (14), although similar
observations have not been confirmed with respect to vit-
amin E. Age-related effects associated with vitamin
nutrition have been documented to a limited extent by
others (1,4).

Probably the most significant factor influencing the vit-
amin status in horses identified in this study was the sea-

sonal variability, which is, in part, attributed to the
type of feeds consumed by horses at different times of the
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Table 3. The effect of seasona on the plasma vita-
min A and vitamin E concentrationb of horses raised
in Saskatchewan and Alberta
Season Vitamin A concentration Vitamin E concentration

(pmol/L) (pmol/L)
January-April 0.64 ± 0.01 (222)C 7.00 ± 0.17 (221)
May-August 0.76 ± 0.04 (89) 9.68 ± 0.44 (92)
September-December 0.53 ± 0.03 (68) 6.98 ± 0.46 (72)
Probabilityd < 0.0001 < 0.0001

a Across all categories pertaining to age, sex, and feed type
h Vitamin A - all-trans retinol; vitamin E- oa-tocopherol
C Mean ± SE (number of horses)
d Probability of no seasonal effect



year. The highest plasma vitamin A and vitamin E
levels were recorded during the period from May to
August. For the most part, this is the only time of the
year that horses in western Canada can consume feed
containing high levels of naturally-occurring vitamins.
Horses grazing pasture exclusively during this period
had substantially higher levels of plasma vitamin A or
vitamin E. Both vitamin A and vitamin E have limited
stability in feeds. The vitamins may degrade easily or
become oxidized upon long-term storage, heating,
grinding, or pelleting of feed (6). It has been reported
(1) that processed feeds may not provide adequate lev-
els of vitamins in pregnant and weanling horses during
the winter months. Seasonal variability associated with
vitamin A and vitamin E have been reported by others
(1,3,5). In addition to the seasonal differences, con-
siderable variability in the plasma or serum vitamin lev-
els may be observed during a short period of time. In one
study (16), the serum vitamin E concentrations fluctu-
ated dramatically over a 72 hour period. The serum vit-
amin E/cholesterol ratio was also determined to be a
poor indicator of vitamin E status. It was suggested that
multiple sampling from the same horse may provide a
more reliable indicator of vitamin E status. If multiple
sample collection is not feasible, individual blood sam-
ples from a group of horses with a similar nutritional
background and comparable biological characteristics
may provide a more informative estimate of the vitamin
status.

It is evident from the present study that a lower vit-
amin status may be associated with winter feeding of
harvested and stored feeds or young rapidly growing
horses. Horses that fall into one or more of these cate-
gories are more likely to have a low vitamin status.
Vitamin supplementation under these circumstances
is desirable. In contrast, supplementation is probably not
required for horses that are consuming fresh feed or
grazing on pasture. When horse rations are formulated
for optimal growth and development, factors influ-
encing vitamin requirements and availability identified
in this study need to be considered. To evaluate the exist-
ing vitamin status, one blood sample from an individ-
ual is insufficient to reliably estimate the vitamin
status. cvi
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